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A radio receiver configurable to operate in either a 
low-IF or a zero-IF mode comprises a quadrature 
down-converter (108,1 10,1 12,1 14) for generating in- 
phase (I) and quadrature (Q) signals at an 
intermediate frequency and a complex filter (202) for 
performing image rejection filtering. One of the 
outputs (Q) of the filter (202) is terminated, the other 
(I) is passed to a non-complex ADC (206). The 
output from the ADC is processed digitally then a 
quadrature signal generator (212,214) generates 
quadrature-related IF signals which are passed to a 
down-converter (216,218) for conversion to 
baseband signals. By enabling analogue-to-digital 
conversion and channel filtering to be performed at 
IF on non-complex signals, significant power 
savings are possible. Further, the flexibility of the 
receiver is enhanced, enabling it to operate 
efficiently in both low-IF and zero-IF modes. 



(A1) 



to;? 



IR 



208 



— r— 1 ' ** 



•U4 



1 06 



114- 



30 O f 20 J 



1 



© 



112 



2\d dlii ?yA) ? 

HH-&HI-L 

?JAl UK, «H.'j 2?0 



0\ ; • 



Data supplied from the esp@cenet database — Worldwide 



http://v3.espacenetxom/publ^ 11/12/2009 



JP 2004-514315 A 2004.5.13 



(i9)H*a»»ff(JP) (i2)2* S ft Bf 4i $8 (A) oi)N*nn&a«* 

45S2004-514315 
(P2004-514315A) 
(43)&fiB ¥f*16*5S13B(2QM.5.13) 



(51) Int. CI. 7 


F 1 




K 


H04B 1/30 


H04B 


1/30 


5K004 


H04B 1/26 


H04B 


1/26 


A 5KO20 


H04L 27/38 


H04B 


1/26 


J 




H04 L 


27/00 


G 






BfflBI* *B»* ?«t«filR* *88* (£ 32 H) 


(21) 


«rJH2002-541788 (P2002-541788) 


(71) 4UJSA 


590000248 


(86) (22) iBJHB 


^mzmime (2001. 11.6) 






(85) HKXiimB 


¥l£14¥7/l 9 0(2002.7.9) 






(86) EigiiJlSS^ 


PCT/EP2001/013013 




Koninklijke Philips 


(87) E|g&Pg#^ 


W2002/039580 




Electronics N. V. 


(87)BBg&WB 


¥«14^5H 160(2002. 5. 16) 




*9>#W 5 62 1 ^-T- 7-f> 




0027503.2 






(32)ffifcB 


¥JiS12¥limOH (2000.11.10) 




1 


(33)a$fc«3E&E 


-f*iJ*(GB) 




Groenewoudseweg 1, 5 


«61)tii£H 


EP (AT, BE, CH, CY, DE, DK, ES, FI , PR, 




621 BA Eindhoven, T 


GB, GR, IE, IT, LU, MC, NL, PT, SE, TO) , CN, JP, KR 




he Netherlands 






(74) KM A 


100092048 



















(54) MMSffitK 



(57) 

A D CO^WfefiJffl^-COSft*- FK*t L--CBI 
ffil F$fc&-fe'0 1 F*- K©fBm*>r!ift'rS<fc5K: 

mnmtim&fems.. mmmi-cmim ( i ) fc 

J:tXiS?Efiffl (Q) <t^*^*£fc&©it3yartl^ 
>3>r5-$r ( l 08. 110. 112. 114)fc«fc 

it (2 0 2) ft****. 7 ^ JU^r (2 02) ©-#©Hi 

* (q> o«nt»ttrsn. flMroiu* ( i > «. MR 

&ADC (2 0 6) lCi8$ft4. ADC*>60tU*»i. 

*vjwc«isft. an?. tt*ffiw«<t»4» ( 2 

12. 2 1 4 ) tt. itt£<£tB{ClWj!gLfc 1 FfI#5r4fiX 
>3>/t-£ (2 16. 2 18) {CiSStlS. ADgjft 
•CI Frtft)tl-5Ci?:nJfi|{Cl-SC<i:(Cj;- 7 r. ffi* 
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i i§ ani-t <r> m$m * x vmt&w - y a > * « * it smmb ^ * > - =» > '< 

fflf^io^fv^ Mki" >t *!> A D mk^& t , « f v * Mb $ H tz M# 
[IW?fcJH 2 ] 

UMBfc*?* **'J (polyphase) 7^?**t4ii: 

iti^jii 3 ] 

lltfBADSfclft^gi**^^ " f/U^ADC**-*- *tfc*4Wfc*:1"*» 1 2 

[»*« 4 ] 

6 ] 

msBfc*ua«fcSHi-tJ& , > -bii/9**ai««*»if£v», ^omf£*i«J§M^ 

°[M^7] 

fn-f-i/aV (d e r o t a t i o n) tHBf^* *W4fc«* * tfttSUfcffl 

a>e> 7 <o#*i^ i onieft 

[fl*|fc}H 9 ] 

[K**i o] 

1 1 ] 
[0 0 0 1 ] 

[0 0 0 2] 

— 7 • -tfn I F (n e a r - z e r o - I F) (#&•*! (po 1 yphase) 
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Wit LXl>%\t>tlX\t*&) tt, GSM (Global System for Mobi 1 
e communi cat ion) JS^DECT (Digital Enhanced 
Cordless Teleco mm u n i c a t i o n s ) J: $ ftfaW-foMi/ZT ^ 
ffltLTfiMSo Z.<7)±7%g@mt, |fc|5^-^^fo^> (s up e r h 

e t) $^$k®m<Dmtz&&'tz>i> s > tv+v-f • ***** • 7^^*Ma^ 

#P!ll;JU EMt|#M®$&0 7 9 7 2 9 
[0 0 0 3] 

£*no-fc*n I F^^tJtieL-C, £*B£«{ix DC*7-ty h t -:&<0*IMM<a 

<o\i3t<nmx~\ F^Kftfrti2><vx\ mn^^frK&j *-i?i>&mmmmt 
sit timm ?u;k^^o 

[0 0 0 4] 

ft I Fffti:KtSfj£O^PJ^I^v AD!£& (anal ogue-to-djg 
ital conversion) A 5 , 7P^i> K?>^7 V n ?<DM&Kfrb 

^ICL^o &g#t&ii. iWWO 0 0/ 2 2 7 3 5 $ ftT^&o 

£<7)^lL$Hi> ADC (Analogue-to-Digital Converter 

£7 7 3.7XmtZ J £Z>Zt*^$Zk-t%>Z. tKX »K 7l/^->e'Jf^»H 
[0 0 0 5] 

GSM-VXrAH^ffl$tL-6&5aj<^iOJ: o ^^(V&MmK M 1 fcjj* $ HX^2> 0 
tokB^lt, T^ftl 0 2K£^XgM2ft> /<> K/<* • 7 -f )V* 1 0 4i:<tot7 
<f )V?%Mi) v ilk>*l> flTf 7 -< Xigipgjjfl 0 6 KioTTJfipaStl&o 
, 100 kHz (G SM?-V*}l<Mm<n*fr) <0 I F Kfc^TMfg ( I) 
ffi (Q) il^J:ai2^Utl0 8, HOtioT, 5 

4f^>^S*t4o tH^©5**Cfi, L 0 (L o c a 1 Oscillator) 11 
2^<b, (Hlfl5^tl0 8K-tfnft*EV7 h ^-ft^S:^ U ^o^2<?)5^r^l 1 
0C90° #*@->7 b^#-t^M-TS) t£ffi->7 h '7*0^1 14 £^LT, Zfth 

ti?ii<D L0#- h K.mb*Q& S fts o 
[0 0 0 6]. 

I&XVQM^tt, 'W^T. -74-H11 6^«toT7-f ;U^M31^ffetL, 

*ti£>li> K'** • ;u-7 • 7-f *?#IE*&f ttxv^ffif - T)V9 ( 

s i gma-d e 1 t a) AD C*^-?Z>Ti? * Mtfu v t 1 1 8K«&£*i& 0 d 
<7>,M&ADC fi> WO 0 0/ 2 2 7 3 5 tlTV>;& 0 fv^Mt/n-y^ 1 1 8 

j^t>(A I £ J:tfQai#l^ 1 3MHzOt*7 h • V- hXi/yffr • IT? h«fy?Jl/f 
f^ttie ^ffi^v K><* • 7 -f ** »J V7»lXfT 9 s* a V (dec i ma t i 
on) • 7*ny * l 2 0MU 24^1 fcfcTy h • h <7)"C\ i<07n-y^^ 

f>(7>m7J#-tl±x 5 4 1. 6 6 7 kHz<oe7h-l/-hT14-e-y bof^litJ 
o M&&7 4 'J ^^isim^-i/g ^ • 7*n ? ^ l 2 2 K J: >K Ko 
i-fHov>TD-;U • ** x ) y ^iO p fn-f-v' a> (derotation 
) 4«ya#frfc*U 270. 8 3 3 kHz(OGSMt'n^-ftl5-t*7 f* OtBTJ^B 
•S-a^fcftio #c^T% ic7)#-^(i, 3Hb (equqlisation) isi^liya 

(eq) 1 2 4 fc<fco"c*yis*i"T\ Mttojsuiu^ry^ini-Mfca 

BRKtttf? 1 2 6 t *l& 0 
[0 0 0 7] 

i<7>m#<7)M^J(i> KSM^ftHttJSfi Lv>^\ (WO 00/22735 T-|3 

^SftT^&V^v - TP? ADC^m^hflX^^X ? £) tt$7>f;< • Vx-tTV 
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ftf>ftv>S§£\ «X ADCWu ttfhft«J:$Hfcfc*4. i^-tlt R*3*t*:flHMtti 

R#V*4»^ #fc£TJi*4 0 Mfc4**fcLT* loJJLtoSHS K-C, I F*< 
t'ni:t7 h3*i4»6\ (**tj&«*l&fcliflfcl F§*toto*I^ Lv^-e) IK 
X A D C <*>#R14tt*aftfc»4?1-*o 

[0 0 0 8] 

cMLtisi ADC<&»*ttfc*iffla^fl&^*4£M*tfrK-*-4 * k^s„ 

[0 0 0 9] 

— n >v*— v a> (conversion) 

«, $t«H4o 
[0 0 10] 

PMfcW* J: OTKMfrffl I Fife 1 i fc C J: oT, (ifctt#MH 

) ADCfcitflgX?-**^ • 7 4 ioifcfcJ:*), 
ri>ft ^#mi-4£i:7& s 'Rra&i:ft4o ? ft£#&fi> tffc, 1 00*- K*«tt I F £ 

ttJBU s^oSflfl!)*- K*Hfn I F**£fflfCv»4*$&, v*f*- K&F-ftfcjSbtv* 

4«H^»ft1-4ilM&XADC<&Ktfh^ **tfc J: «3 7* 

[0011] 

Hl7nv Fx/' F I tfcfiQ&frLjHl^'ffcLft^i t CioT 

, *-^ADC^ft^k ! llf**B*«nHafeJfe-cWtJjgi-J:^ KLT» JJrSi-ff**** 

[0 0 12] 

#tt*ADCfcJ:M ^-v#lfc*3fc4£fc#&v>fcJ&, tOA D COHKMU ffi$7 
L ft v^i&^ffi 7 ^ ;u * 1 1- 4 1 fc § s o 

[0 0 13] 

Jffjafc&ttffitoJfr&s ADCii, ■ f AD Ct*i. lOfflft^WIOl* 

, 7 r y**@|£ffliJj:ffit^ttffl#"^li> ^-7A> Kt;**iko^fc3&£^l&-?-4rt:& 
IcfD-'r*- h (derotate) ?*14 0 
[0014] 

[0 0 15] 

>f*-i>**7 4 ;u*'J>^^ ^>7'J v^fc itf-fv* JWfcoiWfc I F# 
-tKfH ft f>tf, ffil F^IIt^ffiiADCfc^'ftV^^ • 7 4 JU^^UfflW 
tfeHft4fc\/>? (t£*&#KI±ftv>) B»nat-^<o 

[|&E£ 4 *:*!><^1U 

[0 0 16] 
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[0 0 17] 
[0 0 18] 

13 2 li, TSft $ *Lfctt I F M«7 - ^f^ftOGS M^Jftfll?) 7*n y 

*0?** o 7nnx'/hU AoT**RFOT*?-**)i'WIH*>*#«>ftI F (G 
SM«)*£-?-^*>HfllH8tt2 0 0 k H zX*$>Z><DX\ £<*>IFI2, HOkHztU) 

eg i -c±a $ mt: i> <d t iwj cti^^t, sjKiaft-r « c t i* t & 

[0 0 19] 

^fl 0 8, I 1 Ofck&Wy^y -Jay (downconvers ion) <T> 
&=b^ -200kHz~0Hz) fc#|E?-**nfg£4 ; f l #'t>lfc*1"*, £Si£ffl7 4A' 

^-c&s^ *--;>ifc*7 4 ( I R) 202 K&$*t&o £7 4 ;v^fi, &$a 

f^i), Mx.lf, M J Gingel li:U t^-try *H$ftfo$,1fc* v 
-9 fc^ffl Lfc^MWafcffgK (Single sideband modulation 
using sequence asymmetric polyphase networ 
ks)J (Electric Communicat ions, No 48, 1973) 

KH§5F$*fc^So ?y±K&mktz>z.ktf-?%z>£W)&Wy t n^tt, rc 

m®fflK±*)®%^m$l-r2>Z.kj)W*&o -4>-y|fc*74 )\<9 2 0 2 ti. jftUlf # £ 
,^"COf#tPI»i:, 0 H z^^> 2 0 0 k H z<7)/^> K^ig-r o L^L&rt*^ ^ 

ia«J*#ffl7-f A/*©H**fc*©A*MI»2, 0 3 fc*3*i4o 
[0 0 2 0] 

•4 *-v|fc*7 4 JV* 2 0 2<7>?£, #^Q«S-Wfeatt, t^TtSo 1*5-14, 

^>f/t* • 7 4 2 0 4 £4fLT, 2 #- h*>3/^ - TP9 (SA) M 

U^oT, (~>Xv - T»'9&M&2 0 6(7)7^ X • X*? MVfcPICfcdfc) 
-g-ttt, 4fna«SkHWLT*HS:i:4rf), ^04 0 0 k H z OffifJ*(H*£**o -^^<t 9 

[0 0 2 1 ] 

• 7<r /P* 2 0 412, ^fin^n^ hx> KOEIKfc J: ■^T&lftsa'ifcD C* 

? 2 0 4«I9Hr*9h*7jg*ft* 1 , 6kHz ~C$> &Z.k #*#U$j Lfco £*>jg*»l2, 
mm&-%<D£.-k*:fcT*i>ith1rZk%<, Sine, • Vy^yM 

[0 0 2 2 ] 

- 1 0 8 dBm) T% BER (tf 7 b • X7- • b) CMUTGSMtt 

tfcfcfflfcl-fcfcn, if-f-fcHft^Hky-fXibfi^ 4 0 0 k h z ^j^s - 20 

0 k H z ~+ 2 0 0 k H z) 1 7 d B -eft»t*U*fc <bftv\, iO&lJ&fi. S 
Nifc#7 dBt*Jii, ds.fctftt^ft/'fX • MJl/*«7DV Y^y F<DS -4XJ: 19 1 
0 dBffiv*£fc^&3H** o ADC^*'b^:Sv»A*#^l2, - 2 3 dBm 

[0 0 2 3] 

^UlSf 2 0 6 36^<Of^^/mi*OTl2, ?*J9» • f-*** • 7 4 P9 2 0 8lUoT 
7 4 )V*ym.Ztl&o Z<D7J )V9\t, G S M<30 tf ? b • l" - b 4 8 
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-CttfT*-** (IHIJB«W*^*fc*fr> 4 0 0 k H ztfv^ V'**m®KU 

Tv>£) &2 0 0 k H z<r>ij y b * 7«&£#1-& n-^7.JM&j£^£;t1-£o 
<fc9£«&Jk^m, HI4 Ktf!l^$tlT^& 0 7-f 2 0 8I*> -f^-yff ^ - 

v|fc*7W JU* 2 0 2 \^x<>x^^^^M<on^ c f-^^^<D : fm g 

yj )U? 2 0 8 <7)ft£<£#-t?)*MM&&;*^ HHi, HI 5 3 ftT ^ £> 0 
^$tlS^fM^-t0 2^^{i> ^>f/^ - 7^^ 2 0 4 HJ:oT&jft$*U>*-M::J: 

0 2 *affl-J-4itKJ:4i*SO*:Je)raH^4e)4^«fffi^o - 200kHz~200 
7C^v^#HfeS1-&m*<b, Z<D£ i &4f^li> *<B7-r 

[0 0 2 4 ] 

-a, #-t<^^jg«^ s f-^^^ - 7^^2 0 8 cio^isiist, i F#-ta 
^ •wfyyir (ds) 2 1 okj:o-c, GSM^-y 1- • v- 

4 yy" 1 ) y ? - V- ¥v y • *yyy° l ) > 7 (down-samp 1 ed) % 
T s s*4 b (decimated) ?•£&) ilti'tlSo ZV^ttt 

lifD-f-y3> (de-rotation)), *ZVT-9*v Y*®Z>tz£K»% 
[0 0 2 5] 

£KJ:i9, fc*-ffc3JtS 0 ii-e, iltf)7^^2 1 2 1*, IWn-AXlfr^t 
U ^o$2©7^^2 1 4 fi, iijiffiJAO + ^WSfev^ 7f«)tt, *«tO*ft^aafe 
RCWLT+ao' T, 0° "C^S itipco 9 0 0 tffl->7 F 

£B^T, IpJCJfr&Sr^LT^So %2<Dy 4 *9 2 1 4 li, frScQ* 
#£ff.)& -Mi, 7 Z<04 W<;u7,jfcg05g3£fc5e1-*, *4 A • 

;<7>K$*lfc (t i m e - b o u n d e d) t h ggtfetM»**ff1"&o 3fcff 
-7^^ 2 0 4 HJ:oT4:^?*L7ty' y (J§<fc •) -BStHw^JV* £ 

[0 0 2 6] 

I36te, 8 k H z<7)*-)HM*1iL. 2 7 6<D? y y°%^~?2> F I R7-f ;l/:?-C&&, it 
iaft^c^-f JW? 2 1 4 coJIMM&lfrgSr^l-o il<^7^ 2 1 2<G±33«fll 
li, lWLfr<D&mzm2<r>y J fr? 2 1 4 K X QJifc^OgKrtUJf A? titzZtik m 
W%MMM*1Emzft\+Z>Z.b -?$>*><> m-))<r>y 4 *<* 2 12,21 >'*)1>ZB 
jEi»K|!3Dg3T-£*tfttf£<bftv>o $1 J: TO 2*7)7^ • 7 

H4*RLtdiino7-f »j yy*m\-rz>zt*nifeKirz>o * ? h*7a«iSfcwa^ 

li. 7 4**212, 2 1 4«St-f"&^>7'«J>'^ • V- MCsSTWI*-*-** 1 , -ft 
[0 0 2 7] 

iitcicT, Wi^'2 o o k H zi:^t£M*lrts 0 f frt^l* 
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o 6dBJfi0i-*o 7^^212, 2 1 4 Ott**fc*fcilfctHa©tK* 

[0 0 2 8] 

$S*l& 0 ££TN €-^?JS2 1 8 CioTMJUS- 10 0k HzW^ftt^f* 
[0 0 2 9] 

zO^o-AT, • 'S-T./O K • 7 'f P9 2 2 0 fcJ:oT7<f /U*ift33*l4o "74*9 
2 2 0©ffl*^fc#*>*fiteJ3l«fcafc*'** MW>^ HI 8 Kt* 3 ft T SfciRttiJrSM 

[0 0 3 0] 

mtSXtfUmyv y? (EQ) 2 2 2 }:ioTill?ii, -f- LT^r-ft 
»©»»}»fl»0'ry^>HS*il!feaill»tffi* 1 2 6 £: LTift#3il4o 
[0 0 3 1 ] 

J: 4 7 - * r * f - L < ftffi-f * £ t tlltiWC ->XfA->Ul/ 
— >3>#, £fr3*lfco H9fi, IJJIOTU5 Oft^^iV-^fJl' (5 0 k 

m /hWft^269f*fl i ^Jia«ia5rU07 , n7rWJW LT\ 3TS>li^m±» S (dB 

mM) OlpKHK^f-aB ER£fc5e1-*V3a. ><©iB*^)^97-C**. «r% 

J:«9*£^»LgU-7-ky h"CO**ie>ll:&fc#LT\ g$3ft£M«£*i&-r£ 
[0 0 3 2] 

±j£<7)^M<7>^H#!l<£>*i£\ 2 0 8 * J:0 f ffi^#-t#flfJfe7'f *>9 

2 12, 2 1 4 it, 2-o<DF IR7 <{ P9Z%-f&}$.~<7)7 j )i<9 *)yy - 7uy ?\zffl. 

-i-S'if^ -7*;ws- K7^7 • »J v-^W<n^H s t^ 0 *g 
±, f-^^JU • 7-f JW^ 2 0 8 titVy*ry • ^>7U >^ • 7D ? ? 2 1 0 <£>M»is 
7^^212, 2 1 4rtKjffl#&ift&o 
[0 0 3 3] 

7-f)V^212, 2 1 4<?>j£g&«|kJ£4££&£1-&££K, iftfc^'f A'*** * 

LT###i&#*#1-4#-*>** 7^f fc#x_&:fr#, J: «9 ->>7;v-c&& 0 **7 r 
y^^^-J^fSni:, #£frffJ*«Sfc J: I-^FIR7 
-f ;u^$rl£ft1-4-i:7!> ? r*§4o £?)4§-£\ tK$]£#*l9* £ t it, + 10 0kHzOjg 

[0 0 3 4] 

[HI Ofi, ®^£IS&Oi£ftil$!&b<£>&K, UbftZ, 7^^212, 2 1 4<?>;®i2J& 
^7<7)£fM&Kc;>g£*-*\> {fcSaflHfrf Mix *»-C*S*l*o ( 

±lMHz^ix.tWttl 0 0 dB^MU) f>7l/- h <*>:»#<DttB!l*l"C3te5fr4 
7. h 7^t> K(stopband) S&S£4?1-&, 20kHz~180k Hz^IM 
i*H*>fco"Cfi|*-C/h*v>'; y 7*JU**-|- 0 £^ J: fclfrBrtiU 7^^212, 214 
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HSffl-r&it, "BlV*/?"* - Tto9Mm&2 0 6 £J:oT&Jfc3itjfc8JSifcy>f X<D* 
SUfl-Sr Rfc*"*" a i fc * ¥16 t *" & 0 
[0 0 3 5] 

JifcoMfcT-^r**-*^ ^-•fflrft-fe^^-^^^A (fajxJf, GSM. AMPS 
, I S 1 3 DC 1 9 0 0) iitfa-K^-^^fA (08x.tf, DECTfc 

K;gffl-?£&o ittP><ojgffl<7?^, i«nit^ti4 0 i^r 

ij^ns, LT, -afflWUU I F*«*tJ*J:O t l 0 0 kHz?) 

WC«Jf fcSf a.T*'*- KUMTS/G SM$lft*5, flJioa&fflfll CD 
MA 2 0 0 0/IS95/IS13 6/AMPS$M) "b, nJ"t&-C&&o 

[@1] }l&<?)&%[<0\&I F3Htfc7-*r***-v<Z>:/n y ^ia-C**o 

[0 2] *5SWUfl£oT»f^5*LifcffiI Ffli7- + f^ft(7)707^M4 0 

[03] EI20>7-* , r*?--Yfci3lt&'f.?« -v!&*7 ^ ;U^<75iS« ( f ) (kHz! 
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DESCRIPTION 

RADIO RECEIVER 

Technical ReM - 

Tho present invention relate, to a radio receiver having particular, but 
not exclude, application * digital cornmuntaalion systems audi as GSM and 
UMTS, and to an Integrated Circuit comprfaing aucha redo recetar. 
Background Art 

Neor-zerc-IF rocervers (also Known a* polyphase receivers) wo known 
,0, use in radio ce^unlcatton systems such as GSM (Global System for 
MoMo communion) and DECT (WgaaJ Enhanosd Cordis* 
Telecommunication- Such receivers provide ***** performance to thai of 
traditional auperhet receivers but have the advantage of being much easier to 
integrate, because there la no need for off-chip channel filter*. An example of 
a known polyphase receiver Is diactosed in European Patent Applcatioo 
0 707,292. 

Compared with known »ro4F receivers, polyphase receivers provide a 
aubstanlial impn>«ment in performance by dealing problama with DC 
onsets and generatien of second order intsrmodulatlon pmducto. A significant 
feature of a poryphaae receiver ta that complex signal processing is porformed 
on the [f signals behveen the output of a front-end dowiKonverter and the 
input to a demodulator, to ensure that any images of the wanted signal are 
adequately suppressed. 

In a lator variation on a low-lF receiver, anolosue-to-digital conversion 

5 was performed immediately after the front-end d reconverted which avowed 
channel filtering to be performed entirely In the digital domain. Such a receiver 
b dectosed In Irdematonal Patent Application WO 00/22735. This variation 
required Increased dynamic range capability from the Aralogue4o-Dlgital 
Converter (ADC), but provided Increased ftextoflfty by enabling the channel 

* flter rtaracteriatica of trie receiver to be changed in software, thereby making 
it significantly eaaier to design a mu»mode receiver. 
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An embodiment of such a known receiver for use with a GSM system te 
shown In Figure 1 of the accompanying drawings. Radio signal* are received 
by on antenna 102, filtered by o bandpass ftter 104 and ampSfsed by a low- 
noise amplifier 106. The signal to then mixed down to generate In-phase (I) 
3 and quadrature phase (Q> signals at an IF of 100kHz (half the GSM channel 
spacing) by first and second mixers 108,110, which mixers ara supplied with 
signals from a Local Oscillator (LO> 112 at their respective LO port* via o 
phase shifting block 114 which provides a signal with zero phase shin to the 
firet mixer 108 and a signal with a 90- phase shift to the second mbter 110. 
,0 The I and Q signals may be filtered by a high pass filter 116 and are 

then supplied to a digitisation block 118. comprising a complex stgma-detta 
ADC incorporating a polyphase bandpass toop filter. Such an ADC is disclosed 
In WO 00/22735. I and Q outputs from the digitisation block 118 comprise 
single bit digital signals ol □ bit rate of 13MHz. A polyphase bandpass tittering 
w and decimation block 120 reduces the bit rota by a factor of 24, and the output 
signals from this btock comprise 14-btt signals at a bit rate of 541687kHz. A 
further filtering and decimation block 122 performs tow pass ftttertng and 
^rotation of the signals to baseband, resulting In 15-bit output signals at rhe 
GSM bit rate of 270.833kHz. The signals are then processed by an 
30 equalisation and demedidabon block (EQ) 124. before being provided a* 
output 128 to digital signal processing circuitry 5n the remainder of the receiver. 

Although this tatter variation Is preferred for a multi-modo receiver, the 
need for a complex ADC having complex noise shaping, as employed to the 
ilgma-delta ADC disclosed in WO 00722735. la not altogether desirable. For 
» exampte. if the bandwidth at the ADC and Us clock spaed have to be modttled 
on changing mode then a complex ADC Is more difficult to design- This b 
particularly the case if the required bandwidth and dock speed are at the limits 
of the state of the art to terms of conversion efficiency. As a further 
considereticn, rf In one or more of the receive modos iho IF ts sol to zoro, die 
» need for a comptox ADC Is substantially reduced (since il fe only really 
desirable for a tow-IF receiver). 
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Disclosure of invention 

An objectof the present Invention to therefore loprovkto a receiver In 
which etf cient use of a rorvcompto ADC is possible for all receive modes, 
whether a not tho IF '» zero. 

According to the presenl Invention there to provided a red* receiver 
compare an input for e rarjto frequency signal, Quadrature downH»rrvoreton 
mean* for translating (he radio frequency signal to en intermediate frequency 
and for generating Incase and quarfrature versions of the intermediate 
frequency signal complex filtering means for operating on the in-phaw and 
quadrature signal* lo provide fKered Irvphaso end quadrature signals. 
anatogue-to^lgJtal conversion means for digitising only one of the Irvphase 
and quadrature signal*, moans for performing digital signal processing on the 
digitised signal and signal generation means for operating on the processed 
signet to generate digital in-pha*e and quadrature signals. 

By quantising only one of the frvphase and quadrature IF signals. Ihe 
ttaed for a comptex (or polyphase) ADC and complex channel fftera is 
dominated thereby enabling considcrabJe savings in power consumption. Such 
a receiver is particularly suitable for multi-mode operation in which one mode 
usee a low "F and another mode uses a zero IF, because design of non- 
, complex ADC« to operate with a range of different clock speeds and noise, 
shaping proSeeie much simpler than design of their complex counterparts. 

By quantising only the I or Q component of the IF output from the 
recerver fronted, the wanted signal bandwidth is etortwety doubled to match 
the quantisation bandwidth of the single ADC being reflected about zero 
5 frequency. However, despite a lately increase In dock speed resulting from this 
increased bandwidth the overall power consumption should be reduced since 
only a single ADC Is used. 

Because of a lack of image rejection by a rwveornptax ADC. a complex 
tutor Is required prior to the ADC. Such a fittor may be a passive polyphase 
* fitter which, being passive, consumes no extra power. 
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in a preferred euibodnaml, the ADC * a aigma-deta ADC. In another 
preferred embodiment, too digital iophaw and quadrature signal* are 
derotated to translate their frequency to baseband. 

tn a further embodiment of the Invention the receiver te Implemented in 

s an Integrated circuit. 

The present invention ia based upon the recognition, not present in the 
prior art. Ihat use of non-complex ADC and channel filters in a towJF receiver 
is possible provided image rejection filtering is performed on the IF signals 
prior to sampling and digitisation. 
io Brief Description of PrewinQG 

Embodiments of the present invention will now be described, by way of 
example, with reference to the accompanying drawings, wherein; 

Figure 1 te a block diagram of a known lowJF roceivar architecture, as 
described above; 

is Figure 2 la a block diagram of a tow-lF receiver architecture made In 

accordance with the present Invention; 

Figure 3 b a graph illustrating the attenuation IA) in dB against 
frequency (f) In KHz of the image rejection fitter In the architecture of Figure 2 ; 
Figure 4 is a graph Illustrating the attenuation (A) against frequency (0 
20 in kHz of the channel filter in the architecture of Figure 2; 

Figure 5 h a graph Utustratirtg the amplitude (A) against frequency (f) tn 
KHz of signala at the output of the channel fSter; 

Figure 8 la a graph Bustrating me attenuation (A) against frequency (f> 
in kHz of a quadrature reconstruction filter; 
25 Figure 7 ia a graph illustrating the amplitude (A) against frequency (f) in 

kHz of a complex signal generated from a real eigne! by a pair of BR fitters; 

Figure Boa graph illustrating the amplitude (A) against frequency (f) in 
kHz of signals immediately before equalisation and demodulation; 

Figure 9 b a graph of simulated bit error rate (BER) against signal 
30 power (S) in dBmf^lrwrecw^ 

Figure 10 la a graph illustrating the attenuation (A> against frequency (f) 
m kHz of a combined channel fitter and quadrature reconstruction fitter 
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In tho droves the same reference numeral- have been used to 
indicato corrospoodlng features. 
Modes for Carrying Out the Invention 

Figure 2 te a bloc* diagram of a GSM embodiment of a tow-lF receiver 
architecture made m accordance wfth the present invanUon. The front end 
usee a quadrature downconverter to mbc Incoming RF signals down to a tow IF 
of half the channel sparing (for GSM the channel spacing is 200kHz and 
hence the IF b 100kHz). This pari of the receiver is essentially the same as 
that described above vrfth reference to Figure 1 and wiB net be described 



After downcomrersbn by the mixers 108,110 the complex tow-lF signal, 
comprising I and Q lignate. posses into an image rejection fitter OR) 202. 
which Is a passfce polyphase filter which rejects any interferer present In the 
image band of the wonted signal, namely between -200kHz and 0Hz. Such 
«teni aC9 known, as disclosed for example In the paper "Single sideband 
modulation u»hg sequence asviwnetrie polyphase networks- by M J GingdL 
Electric Cwnmuiteatwns, No 48, 1073. Passive polyphase fitters are easily 
roaBsed as an RQ network which » atiaighlftxward to integrate on silicon. The 
image rejection fitter 202 passes wanted signals in the band CHz to ^OCkHr 
as wen as aQ other interfere!*. However, by elimmaung any Image intorferwwe 
ft atows aO subsequent fftters tn the receiver to bo -real" (i e. to operate on Just 
one of the I and O signals). An example of the frequency response of a 
suttabte polyphase fitter b shown In Figure 3. 

After the image rejection filter 202 the Q component of the signal 
terminated, white the I component continues through a high pass filler 204 to a 
single, two port sigmadelta (EA> modulator 206. The effect of dropping the a 
component of 1fto signal is to take half of me wanted signal energy and fold it 
over onto the negative side of the frequency spectrum. Hence the signal On 
common with the noise spectrum of the algmo-dolta modulator 206) is 
symmetrical about zero frequency and occupies u bandwidth of 40CkHx. Such 
a signal rnaximaes the conversion efficiency of the modulator 206. 
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The high pass tttor 204 removes DC offsets generated by the preceding 
froni^nd ciroitry. Studies of po*phaae teas**** for GSM eppleation* have 
shown that a suitable cut off frequency tor the fitter 204 b Skfte, which gives 
the receiver an adequate recovery time from the ovewinve effects of large 
signate without causing any significant degradation of the wanted signal. 

The order of the modulator 206 and Hs clock speed must be chosen to 
give the required noise shaping. At minimum taput signal level MOBdBm tn 
the state of the art), wgrahtc^ntooticn-notoe ratio must be about l7dB In o 
bandwidth (U. -200krte to *200khz) In order to meet the GSM 
specrftcaton for BER (Bit Error Rate) This figure Is derived from the need for 
an overal sigrtaMc-noise ratio cf 7dB and a *jantteation notes level which is 
1 DdB below mat of the front^nd noise. The largest Input signal to the ADC Is a 
blocking mi offerer at -23dBm 

The coital output signal from the modulator 206 Is filtered by s digital 
channel filter 208. This filter runs at a sampling rate equal to toe clock rata of 
toe skjrna-deto modulator 208. which Is typlcafly of the order of 48 times me 
bit rate for GSM. It has a tow pass frequency response with a cut-off frequency 
of approximately 200kHz which, when viewed on a double-skted frequency 
axis resembles a bandpass response of width 400kHz. Such a frequency 
response Is Illustrated In Figure 4. The filter 203 has the dual role of 
attenuating ail interfere™ arriving at the receiver Input except an image 
interfere/ an toterferer in the lower adjacent channel, which is handled by 
mo Image rejection Mar 202) and of attenuating most of the wideband 
quantisation noise produced by tlte modulator 206. 
> A typical frequency spectrum of signals at the output of the fitter 208 is 

shown to Figure 5. The two halves of the wonted signal, shown as a solid Kne, 
are located on either stdo of zero frequency, separated by the note produced 
by the rugh pass filter 204. The residue of an Image Interferor, shown as a 
dashed line, wxapiea lha same frequency space os Uia wanted signal but at s 
u tevoi that should bo kiaigruTtcant because of too attenuation oppDed by the 
Image refection filter 202. Outskte the -200kHz to +2O0kHz band there may 
atso be some residual skjrna-deito ncise, shown as a diaavdashed fine, and 
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power duo to largo interferes, but such signal* can be removed easily by 
subsequent fittering 

Onoe (he high frequency content of the signal ha» been removed by the 
channel fitter 208 the IF signal can be devm-samptod <io. decimated) by a 
dowrvftamp&ng btock (DS) 210 lo a sampling rate of approximately four times 
the GSM bit rate. This reduces the required processing resources and power 
consumption fox the reconstruction of the Q component cf the wanted signal. H 
is necessary lo make the wanted signal complex again to facKtoto its porfoct 
frequency translation (or denotation) back from the low IF to aero frequency, 
and rts subsequent demodulation to obtain data Wte. 

Hence, after dovvTHsamplr.g, the signal b made complex by passing n 
to a pair of FIR filters, a tot fitter 212 having a Eriear-phase low pass response 
and a second titter 214 having an identical response except for tfte creation of 
a narrow notch In the mkldla ol the passband and the Insert*™ of an extra 90* 
phase shift (the phase shift being *G0° for ncgauvo frequencies and -80° for 
positive frequencies). The second fttoi 214 creates the new Q component, 
porformmg the equivalent of a tme-bounded Hitoert transform, with the width 
cf the notch determining the length of Its Impulse response. A width of slightry 
toss than or equal to that of the notch generated by the preceding high-pass 
fitter 204 would normally be appropriate. 

Ffcure 6 shows a typical frequency response of a suitable second filler 
214, this particular example being a FIR filter having 270 taps, with a hole 
width of 6kHz. The principal function cf the first fitter 212 is to insert exactly the 
same time delay mto the path of the i component as that Inserted in the paih of 
the Q component by the second filter 214 The Impulse response of both fitters 
212.214 should be exactly the same length. Tha first and second filters can bo 
designed to give further suppression cf any interference remaining after the 
channel filter 208 outside the bandwidth of the wanted signal. Changing their 
cut-off frequency has virtually no effect on the required length of the fittors 
> 212.214, and gives the possMBty of introducing extra fittedng lhat comes 
effectively for free. The choice of cut-off frequency has some relevance to the 
sampling rate required by the mere 212.214, but provided this does not give 



(ig) 39 2004-514315 A 2004.5.13 



PCrfltK't'lXHl 



rise to any significant problems tte mating thereby provided may aaovtato the 
need for any lurther tittering In the baseband. 

Restoring the Q component of the wanted signal has the effect of 
faWin g the negative half of its frequency spectrum back onto the positive side, 
whereby the bandwidth reduces back to 200kHz. The total power in the signal 
therefore returns to the original value seen at the input to the image rejection 
fOer 202. The power density is Increased by 6dB. Tha complex frequency 
response of the combined output of the tttors 212. 214 b shown in Figure 7. 

Once the Q component Has been created . tho I and Q signals pass to a 
derotattcn block 218 where they are derotated to baseband, by performing a 
complex muWpfcatton wHh a complex tone of -100kHz provided by a signal 
source 218. which damson shifts the wanted signal back to a central 
frequency of zero. 

in the example embodimont shown in Figure 2, the I and Q signals ere 
tittered by respective tow pass baseband filters 220. having a cut-off frequency 
of 80kHz. A lypfcel frequency spectrum of signals at the output of a filte/ 220 is 
shown n Figure 6, wfch the wanted signal shown as a solid fine and the 
residue of an rnago interferef shewn as a dashed fine. 

The signals are then processed by an equalisation and demodulation 
, block (EQ) 222 before being provided as output 126 to dtftal signal 
processing circuitry in tho remainder of the receiver. 

System simulations have been performed to verify tho correct 
functioning of an mchrtocturo in accordance with the present invention. As an 
example, Figure * is a graph of results of a simulation detamWng BER for a 
j rango of wonted signal power* S. in dBm. using a weU-known TU50 channel 
model (typical urban profile with a maximum speed of SOkrrWh). Simulated 
results fecthe new receiver architecture ore shown as a solid lino, white results 
for a benchmark polyphase receiver, using complex signal processing 
throughout, are stwwn as a dashed line. II is evident lhat the sensitivity of the 
*> new receiver » at least aa good as the berwhmo* polyphase rccorver. Other 
simulations hove also verified that the new architecture can provide the 
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required setectivfty. both for adjacent channel* and for those at larger 
frequency offset*. 

in a variation on the embedment* described above, the channel filter 
206 and complex sfenal recc^rucUon CJters 212,214 are combined Into a 
Single fettering block comprising two FIR fitter*. Such on embodimcrt can 
requlto loia dgtol hardware resourced a* the combined filtering block can 
exploit the bit-stream property of the output of the sjgffwfolia reodulater 208. 
In effect, Iho functions of the channel filter 208 and oown^unpling block 210 
are incorporated In the fillers 212.214. 

To determine the required frequency response of the fillers 212.214. H 
It simpler to consider the titers as a single complex fflter, hovmo an 
esymineJrical response about zero frequency, ralher than two real (liters one of 
which is Ihe Httbert transform of the other. Using a standard digital synthesis 
tool, o single, reel FIR filter can be designed having the roquired bandwidth 
end selectivity. Obtaining the complex response is then a straightforward 
matter of apply** a MOOkHz frequency shift. Real and Imaginary impulse 
responses can bo obtained by performing an inverse discrete Founor 
transform on the shifted frequency response. 

Figure 10 iflusfrates the complex frequency response of a suitable pair 
of filters 212,214. obtained after o small number of design iterations. The 
required attenuation template la shown as a dashed the. The response 
displays a very small ripple over the passband. from 20kHz to 180kHz. with a 
rtopband attenuation that to woll within the bounds of the template (exceeding 
100dB at frequencies beyond *1MHi). Such a response permits the finer* 
, 21Z214 to pass the wanted signal with minimal distortion, apply sufficient 
attenuation to adjacent- and aJterrwta-channel interfarws and refect most of 
the high frequency notee gonerated by the sigma-detta modulotor 200. 

The receiver architecture described above hoi a sinter range of 
appftcauons to that of known near-zero IF polyphase architectures. Including 
o socend generation cellular systems such as GSM, AMPS. IS136 and 
POC1900 and cordless systems such as DECT and Bluetooth. In these 
appBcalions a useful power saving can be achieved. The architecture is even 
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more useful for receive** hav&s o Joint CD WVTDMA muttHnodo capobfity. As 
a particular example, ojw appJlcatten to & duaknode UMTS/GSM receiver In 
which Ihft IF switches between «re and iOOklte Otiw application, such as a 
COMA200OUSftWS136/AMPS reeefcor, are ateoeiwfcaced. 
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CLAIMS 

1. A radio rocelvar comprising an taput tor a radio freojtency signal, 
quadrature down-conw«bn means for translating the radio frequency signal 

3 to an Intermediate frequency and for generating In-phase and quadrat* a 
van*** of the tntennadtate frequency signal, comptex filtering mean* tor 
cperathg on the iivphase and quadrature signals to provide ftterad ia-phase 
and quadrature signals, Hr*togue-to-digBoi ecrtvcratoi means for digitfstno 
only one of tho tn-phaso and quadrature senate, moans tor performing digital 

io signal pmcesainQ on tho digitised signal and signal generation means far 
operating on the processed signal to generate digital tivphase and quadrature 



2. A receiver as claimed In claim 1. charactartsed in that the 
complex filtering means comprises a passive polyphase fitter. 

3. A recelwor as darned in claim 1 or 2, characterised In that the 
anaiogue-to-digtel conversion moons comprises a sigma-defta arwtoguo-te» 
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A. A receiver as claimed In any one of claim* 1 to 3, characterised 
In that the anatogue^dlgtol conversion means are operable a! a pkraltty cf 
different clock speed*. 

„ 5. A roceiwr as claimed in any one of ciatira 1 to 4, characterised 

to dwt the intermediate fr^^ 

6. A receiver as ctataed In dakn 5, char actensed in that me radio 
frequency signals conform to a cellular communication standard and fal that Iho 
so low intermediate frequency is half of the channel spacing specified in the 
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7. A rocehw as dalmed in any one of claims I to 6, characterised 
En that dorotation means are provided tor translating llw dlftttal bvphase and 
quadrature signals to baseband. 

5 a. A race Ivor as claimed In any on© cf claims 1 to 7 % characterised 

En that tho serial generation means comprises fret and second fltera and in 
that the phase shift appted to signals passed through each of tho liters differs 
byKT. 

l0 o. a receiver as claimed In claim 8. characterised In that tho fHters 

have 9 Gnear-phas© characteristic. 

10. A race tor as cfatmcd In any one cf claim* 1 to 7, characterised 
In that the cembteatten of tt» means for perforrrdng digital signal processing 
15 and the signal Generation means rs provided by first and second fetors. 

It. An integrated cfrcuri comprising a radio receiver as darned In 
any one of claims 1 to 10. 



(24) 




(25) jp 2001-514315 A 2004.5.13 




(26) 



3P 2004-514315 A 2004.5.13 





FIG. 9 



C28) 



JP 200-1-514315 A 2004.5.13 




(29) 



JP 2004-514315 A 2004.5.13 



(I J> WTTJW4T10V* L APtMOOKW PUttf JSJIU) tlWKR THE PJ1CVT OOOTKRATION 1WAfY<ltft I 



TMcrudontt ftipreau 

(4?) t«*m«lo«ul PwMiCMlow !>*(« 
16 May 200J |lijl>5.M02> 




PCI 



WO 02/039580 A3 



IV.1W.I bbUwA & AA (MLL 

OH luw«rt*-*i nta. IHtr: «"» o»*«m< «*• *• ** 

<%4) DottMteJ «4«le» ot&md'K F*uj»* <AT. HF. 
|»> ftfct U*VV* taphti Qi cf. Wv DK. I*. H. OB CTL IB. IT. IV. MT, 



m*f» tmaiMgi zv.tr ****** wpur r 



{ten PrUrifjDw*: 

0C2T3O1J 10 Nt.vroKt 2000 (10*1 U«W> U» 

AffCttttU KOMNKlilKf: MflUFS KLtCTRO?*. dam «f «. of rW l*«r.«U.»l K Jrtk .tp-«: 

ICS XV. fKl/NL!. Owc««o*toe«*t 1. M-WJJ *VA , ^ 



1 



{Ml nut: IOTTCT CDHVBWIC*.* RECtSVTK 



3 
I 




5 {IOtlW.ll* im&*ww*' 5 ''* •** f+"* 01 n «>*an! i.Q> a» ir*w~wJi<l« f«^^*fy «"•« « filler <2p?) for 

° ADC (W). TV core: ftm (he -MXT It yevtwed Ajhully *ri * 4a****: *<e»t»m Cl« 141 piw»»« <j«*»«c- 
S **•«*' *«wr»wt «V. (U^mI r<itti^ «o tw pfltNmwd kill o> iwvoo ugfiiK «r-'^*^^J** r * ,f J ,w l xrti * >4 * 1 



(30) 



3P 2004-514315 A 2004.5.13 



INTERNATIONAL SEARCH REPORT 



PCT/£P 01/13013 



ire ? w» 



EP0-lntern»\, PAJ 



US 6 005 5C6 A (6A2AMAHI SEYfOLLAH S El 
AL) 21 tfecosbw 1999 U999-12-Z1) 
coltsn 13, 11 w » -coluim 14, lino 11; 
f lflur* 6 

NO 00 22735 A (KOHlttL PHILIPS ELECTRONICS 

NV> 20 April 2000 ( 2000-04-20) 

cited tn the *ppllcattcn 

pig* 6, 11m 7 -page 7, line 14: figures 

1.9 

EP 0 797 292 A (PHILIPS ELECTRONICS NO 

24 Scpteober 1997 ( 1997-09-24) 

Cited IP the application 

colus* 4, llw 45 -coluw line 47; 

figure 3 



1-4 



1,2 



a 



14 January 20 DS 



Date ol njKTO « »• MM 

2V01/M0J 



OK* 



IMZ-tO-frO 



V 98ISEQ9 

vt zmuo 

1Q 690SU69 



sn 

JC 

30 
K3 



1 8i6«5ZO« 4C 
IV CCZ9601 
IV SZIZZW Of. 



StttZOO OH 




lUOd&J H0W39 Twouwwairu 



ET'S^OOZ V ST£HS-tOOZ dC 



CXE) 



(32) 



JP 2004-514315 A 2004.5.13 



*7>*"n 5656 r- r- 74>K-7*> ^7*^h5-> e 

tf^^B 56 5 6 7— T- T-f>F-*7»> ^n7**»h»-> 6 
F£-A(##) 5K004 M08 3G01 

5K02OM08 DD02 DCfll DD13 EE04 FF0O GGOO HH12 HH13 HH15 



